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Abstract 

In this paper, we studied the nonleptonic Be —)• BP, BV decay with the QCD factorization 
approach. It is found that the Cabibbo favored processes of Be Bgir, Bgp, B^K are the promising 
decay channels with branching ratio larger than 1%, which should be observed earlier by the LHCb 
Collaboration. 
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I. INTRODUCTION 


a 


The Be meson is the ground pseudoscalar meson of the he system [l[. Compared with 
the heavy unflavored charmonium cc and bottomonium bb, the meson is unique in some 
respects. (1) Heavy quarkonia could be created in the parton-parton process ij —>■ QQ at 
the order of af (where ij = gg or qq, Q = b, c), while the production probability for the 
Be meson is at least at the order of via ij —)■ + be where the gluon-gluon fusion 


a. 


mechanism is dominant at Tevatron and LHC l2i. The Be meson is difficult to produce 
experimentally, but it was observed for the hrst time via the semileptonic decay mode Be 
—>■ JIjjtv in pp collisions by the CDF collaboration in 1998 j^, which showed the realistic 
possibility of experimental study of the Be meson. One of the best measurements on the 
mass and lifetime of the 1^ meson is reported recently by the LHCb collaboration, = 


6276.28±1.44±0.36 MeV and tb^ = 513.4±11.0±5.7 fs j^. With the running of the LHC, 
the Be meson has a promising prospect. It is estimated that one could expect some 10^° Be 
events at the high-luminosity LHC experiments per year [g] . The studies on the Be meson 
have entered a new precision era. (2) For charmonium and bottomonium, the strong and 
electromagnetic interactions are mainly responsible for annihilation of the QQ quark pair 
into final states. The Be meson, carrying nonzero flavor number B = C = ±1 and lying 
below the BD meson pair threshold, can decay only via the weak interaction, which offers 
an ideal sample to investigate the weak decay mechanism of heavy flavors that is inaccessible 
to both charmonium and bottomonium. The Be weak decay provides great opportunities to 
investigate the perturbative and nonperturbative QCD, final state interactions, etc. 

With respect to the heavy-light By_ ii,s mesons, the doubly heavy Be meson has rich decay 
channels because of its relatively large mass and that both b and c quarks can decay indi¬ 
vidually. The decay processes of the Be meson can be divided into three classes BBJa: (1) 
the c quark decays with the b quark as a spectator; (2) the b quark decays with the c quark 
as a spectator; (3) the b and c quarks annihilate into a virtual W boson, with the ratios 


of ~ 70%, 20% and 10%, respectively j^. Up to now, the experimental evidences of pure 
annihilation decay mode [class (3)] are still nothing. The 6 —)■ c transition, belonging to the 
class (2), offers a well-constructed experimental structure of charmonium at the Tevatron 
and LHC. Although the detection of the c quark decay is very challenging to experimental¬ 
ists, the clear signal of the Be —)• B^-n decay is presented by the LHCb group using the Bg 
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—)■ DgT^ and Bg —)■ <//'00 channels with statistical signihcance of 7.7a and 6.1 ct, respectively 

0 . 

Anticipating the forthcoming accurate measurements on the Be meson at hadron colliders 
and the lion’s share of the B^ decay width from the c quark decay [n|, many theoretical 


papers have devoted to the study of the Be —)■ BP, BV decays (where P and 
the SU{3) ground pseudoscalar and vector mesons, respectivelyh such as Refs. [12 


/ denote 


the BSW model 


Ref. 


el 161 

.0 


or IGSW model 


equation, Refs. j2ll-l25| with potential models, Ref. 


15| with 


171, Refs. 18-20[based on the Bethe-Salpeter (BS) 
26| with constituent quark model. 


271 with QCD sum rules. Ref. 


with the quark diagram scheme. Ref. 


29 | with 


the perturbative QCD approach (pQCD) [30|, and so on. The previous predictions on the 
branching ratios for the Be —)■ BP, BV decays are collected in Table HTTl The discrepancies of 
previous investigations arise mainly from the different model assumptions. Recently, several 
phenomenological methods have been fully developed to cope with the hadronic matrix 
elements and successfully applied to the nonleptonic B decay, such as the pQCD approach 
30|] based on the kx factorization scheme, the soft-collinear effective theory 3]| and the 
QCD-improved factorization (QCDF) approach 32| based on the collinear approximation 
and power countering rules in the heavy quark limits. In this paper, we will study the Be —)■ 
BP, BV decay with the QCDF approach to provide a ready reference to the existing and 
and upcoming experiments. 

This paper is organized as follows. In section [TTl we will present the theoretical framework 
and the amplitudes for the Be —?• BP, BV decays within the QCDF framework. The section 
mil is devoted to numerical results and discussion. Finally, the section HVl is our summation. 


II. THEORETICAL FRAMEWORK 

A. The effective Hamiltonian 

The low energy effective Hamiltonian responsible for the nonleptonic bottom-conserving 
Be —)■ BP, BV decays constructed by means of the operator product expansion and the 
renormalization group (RC) method is usually written in terms of the four-quark interactions 
33|. 

H.S = '^V,v:,[CWQX(M) + Ci(p)Q‘M\ 
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( 1 ) 


+ X! ^uqiV^^ + C2{fi) Q2{f^)] 

qi,q 2 =d,s 

10 

+ E 14,3 V;;, Eci(riQtM} + ii-c., 

q 3 =d,s k=3 

where the Fermi coupling constant Gp — 1.166 x 10“® GeV~^ Ql; Qi, 2 , QI 2 and Qs, ■10 are 
the relevant local tree, annihilation and penguin four-quark operators, respectively, which 
govern the decays in question. The Cabibbo-Kobayashi-Maskawa (CKM) factor VuqiV*q. and 
Wilson coefficients G, describe the coupling strength for a given operator. 

Using the unitarity of the CKM matrix, there is a large cancellation of the CKM factors 

14,14; + 14.14; = -14,14; ~ 0(A=), (2) 

where the Wolfenstein parameter A — sinf^, — 0.225 37(61) [l| and d. is the Cabibbo angle. 

Hence, compared with the tree contributions, the contributions of annihilation and penguin 
operators are strongly suppressed by the CKM factor. If the GP-violating asymmetries that 
are expected to be very small due to the small weak phase difference for c quark decay are 
prescinded from the present consideration, then the penguin and annihilation contributions 
could be safely neglected. The local tree operators Qi ^2 in Eq.([T]) are expressed as follows. 


Ql = [g2,a7/A(l -75)Ca][M/37^(l -75)gi,/3], (3) 

Q 2 = [g2,a7/A(l-75)c/3][h/37''(l-75)gi,a], (4) 


where a and (3 are the SU (3) color indices. 

The Wilson coefficients Gj(/i) summarize the physics contributions from scales higher 
than fi. They are calculable with the RC improved perturbation theory and have properly 
been evaluated to the next-to-leading order (NLO) 33(|. They can be evolved from a higher 
scale fi ~ 0{mw) down to a characteristic scale fi ~ 0{mc) with the functions including 


the flavor thresholds 


33|, 


G(/i) = U4^{fi,mb)M{mb)U5{mb,mw)C{mw), 


(5) 


where is the RC evolution matrix converting coefficients from the scale /i; to 

fif, and M(/i) is the quark threshold matching matrix. The expressions of and 

M(/i) can be found in Ref. 33j. The numerical values of LO and NLO Ci ^2 with the naive 


dimensional regularization scheme are listed in Table HI The values of NLO Wilson coefficients 
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in Table [I] are consistent with those given by Ref. 33|] where a trick with “effective” number 
of active flavors / = 4.15 rather than formula Eq.([5]) is used. 

To obtain the decay amplitudes, the remaining work is how to accurately evaluate the 
hadronic matrix elements {RM|Qj(/r)|Rc) which summarize the physics contributions from 
scales lower than /i. Since the hadronic matrix elements involve long distance contributions, 
one is forced to use either nonperturbative methods such as lattice calculations and QCD 
sum rules or phenomenological models relying on some assumptions. Consequently, it is 
very unfortunate that hadronic matrix elements cannot be reliably calculated at present, 
and that the most intricate part and the dominant theoretical uncertainties in the decay 
amplitudes reside in the hadronic matrix elements. 


B. Hadronic matrix elements 

Phenomenologically, based on the power counting rules in the heavy quark limit, M. 
Beneke et at proposed that the hadronic matrix elements could be written as the convolution 


master formu 
it works well 


a 

32 1. 

34 

-37 


3211. The QCDF approach is widely applied to nonleptonic B decays and 


37|, which encourage us to apply the QCDF approach to the study of Bf. 


—>■ BP, BV decay. Since the spectator is the heavy b quark who is almost always on shell, 
the virtuality of the gluon linked with the spectator should be ~ C>(Aqco). The dominant 
behavior of the Be ^ B transition form factors and the contributions of hard spectator 
scattering interactions are governed by soft processes. According to the basic idea of the 
QCDF approach 35|], the hard and soft contributions to the form factors entangle with each 


other and cannot be identihed reasonably, so the physical form factors are used as the inputs. 
The hard spectator scattering contributions are power suppressed in the heavy quark limit. 
Finally, the hadronic matrix elements can be written as. 


i 

“ H + a.r, + ■■■}, 


( 6 ) 


where is the transition form factor and ^m{x) is the light-cone distribution ampli¬ 

tudes of the emitted meson M with the decay constant /m. The hard scattering kernels 
Hi{x) are computable order by order with the perturbation theory in principle. At the lead- 


5 















ing order a°, Hi{x) = 1, i.e., the convolution integral of Eq.([6]) results in the meson decay 
constant. The hadronic matrix elements are parameterized by the product of form factors 
and decay constants, which are real and renormalization scale independent. One goes back 
to the simple “naive factorization” (NF) scenario. At the order and higher orders, the 
information of strong phases and the renormalization scale dependence of hadronic matrix 
elements could be partly recuperated. Combined the nonfactorizable contributions with 
the Wilson coefficients, the scale independent effective coefficients at the order as can be 
obtained 32| as follows: 

1 


ai = 

02 = 6*2 


+ 1WC'2 

Nr. 


O^s Cl 


NLO I 1 ^NLO I Cf ^lO 


j_ 




(7) 

( 8 ) 

v2 ' ' V 2 ■'"V 20 

with the twist-2 quark-antiquark distribution amplitudes of pseudoscalar P and longitudi 
nally polarized vector V meson in terms of Gegenbauer polynomials 


where the expression of vertex corrections are 32l |: 

V = 6 log(^) - 18 - + z37r) of + (y - ffiTr) of - 


21 


M 


% + ■ ■ ‘5 


't>in(x) =6xxJ2 of - x), 


( 10 ) 


n=0 


where x = 1 — x] is the Gegenbauer moment and Oq = 1. 

From the numbers in Table [H it is found that (1) for the coefficient Oi, the nonfactorizable 
contributions accompanied by the Wilson coefficient C 2 can provide > 10% enhancement 
compared with the NF’s result, and a relatively small strong phase < 5°; (2) for the coeffi¬ 
cient 02 , the nonfactorizable contributions assisted with the large Wilson coefficient Ci are 
signihcant. In addition, a relatively large strong phase ~ —155° is obtained; (3) the QGDF’s 


used by previous studies on the Be BP, BV decays in Refs, 
more information on the strong phases. 


anc 

Oo 


12 

15, 

18 


21 


271, but with 


C. Decay amplitudes 


Within the QGDF framework, the amplitudes for Be —)• BM decays are expressed as: 

A{Be^BM) = {BM\n,^\Be) = ^ a, (M| J^|0)(R| (11) 
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The matrix elements of current operators are defined as: 


(-P(p)l9i7'‘(l- 75 ) 9210 ) = -ifpp^, 

(r(t.p)|9i7'‘(l-75)9210) = fvmvff. 


( 12 ) 

(13) 


where fp and fv are the decay constants of pseudoscalar P and vector V mesons, respec¬ 
tively; my and e denote the mass and polarization of vector meson, respectively. 

For the mixing of physical pseudoscalar r] and r]' meson, we adopt the quark-flavor basis 
description proposed in Ref. 
cc compositions, i.e.. 


39j, and neglect the contributions from possible gluonium and 

/ 


/ \ 


r] 

- 


\ 


cos^ —sim;/) 
sin0 COS0 



where rjq = {uu + dd)/\/2 and rjs = ss; the mixing angle cj) = (39.3±1.0)° 


(14) 

We assume 


that the vector mesons are ideally mixed, i.e., 00 = {uu + dd)/y/2 and 0 = ss. 
The transition form factors are defined as [l^ : 


{B{k)\qY{^ - l5)c\Bc{p)) 


p + k 


ml - ml 




-q 


(g ) 


m 


Be 


m 


B 




q" 


(15) 


where q = p — k, and the condition of Fo^‘'“^^(0) = F]®'^^^(0) is required compulsorily to 
cancel the singularity at the pole = 0. 

For the Be ^ B transition form factors, since the velocity of the recoiled B meson is very 
low in the rest frame of the Be meson, the wave functions of the B and Be meson overlap 
strongly. It is believed that the form factors should be close to the result using the 

nonrelativistic harmonic oscillator wave functions with the BSW model 0 . 

?Be^B f ^ ^ n nn 


^ 0,1 - 


m 


Be 


-|- m 


~ 0.99. 


B, 


The flavor symmetry breaking effects on the form factors are neglectable in Eq. flTOll . For 
simplification, we take = 1.0 in our numerical calculation to give a rough estima¬ 

tion. 
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III. NUMERICAL RESULTS AND DISCUSSIONS 


The branching ratios of nonleptonic two-body Be decays in the rest frame of the Be meson 
can be written as: 

Br{Be^BM) = T^^\A{Be^BM)\\ (17) 

8 ^ p. 

where the lifetime of the Be meson tb^ = 513.4±11.0±5.7 fs |5| and p is the common 
momentum of hnal particles. The decay amplitudes A{Be^BM) are listed in Appendix R1 
The input parameters in our calculation, including the CKM Wolfenstein parameters, 
decay constants, Gegenbauer moments of distribution amplitudes in Eq. flT0|) . are collected 
in Table m If not specified explicitly, we will take their central values as the default inputs. 
Our numerical results on the GP-averaged branching ratios are presented in Table HTTl where 
theoretical uncertainties of the “QCDF” column come from the CKM parameters, the renor¬ 
malization scale fi = (l±0.2)mc, decay constants and Gegenbauer moments, respectively. 
For comparison, previous results calculated with the hxed coefficients ai ~ 1.22 and 02 — 
—0.4 are also listed. There are some comments on the branching ratios. 

(1) From the numbers in Table IIIIl it is seen that different branching ratios for the Be 
—)• BP, BV decays were obtained with different approaches in previous works, although the 
same coefficients 01,2 are used. Much of the discrepancy comes from the different values of 
the transition form factors. If the same value of the form factor is used, then the disparities 
on branching ratios for the oi-dominated Be decays will be highly alleviated. For example, all 
previous predictions on Br(Be^BsTr) will be about 10% with the same form factor 

~ 1.0, which is generally in line with the QCDF estimation within uncertainties and also 
agrees with the recent LHCb measurement |l0|. 

(2) There is a hierarchical structure between the QCDF’s results on branching ratios for 
the Be BP and BV decays with the same final Bq meson, for example, 

Br{Be^Bq7r) > Br{Be^Bqp), (18) 

Br{Be^BqK) > 5Br{Be^BqK*), (19) 

which differs from the previous results. There are two decisive factors. One is the kinematic 
factor. The phase space for the Be ^ BV decays is more compressed than that for the Be 
BP decays, because the mass of the light pseudoscalar meson (except for the exotic p' meson) 
is generally less than the mass of the corresponding vector meson with the same valence quark 



components. The other is the dynamical factor. The orbital angular momentum for the BP 
final states is £ bp = 0, while the orbital angular momentum £bv = ^ for the BV hnal states. 

(3) According to the CKM factors and the coefficients ai^ 2 , there is another hierarchy of 
amplitudes among the QCDF’s branching ratios for the Be decays, which could be subdivided 
into different cases as below. The CKM-favored oi-dominated B^ —)■ Bgir decay are expected 
to have the largest branching ratio, ~ 10%, within the QCDF framework. In addition, the 
branching ratios for the Cabibbo favored B^ —)■ B^p'^, B^T^ decays are also larger than 
1 %, which might be promisingly detected at experiments. 


Case 

Coefficient 

CKM factor 

Branching ratio 

Decay modes 

1 a 

Oi 

iKdK:i ~ 1 

>10-2 

BsTT, BsP 

1 b 

Oi 


>10-3 

BsK, BdTT, Bdp 

1 c 

ai 

IU.v;;i ~ A^ 

> 10-3 

BdK, BdK* 

2 a 

0-2 

~ 1 

>10-3 

B+K° B+K*^ 

2 b 

O 2 

lUdUy. lUVo-J ~ A 

>10-4 

Buir, BuP, BuUJ 

2 c 

O 2 

K.v;,\ ~ A^ 

> 10-3 

BiK'\ BiK-« 


(4) There are many uncertainties on the QCDF’s results. The first uncertainty from 
the CKM factors is small due to the high precision on Wolfenstein parameter A with only 


Q. 


0.3% relative errors [1]. Large uncertainty comes from the renormalization scale, especially 
for the 02 dominated Be BuP, BuV decays. In principle, the second uncertainty could 
be reduced by the inclusion of higher order corrections to hadronic matrix elements. It 
has been showed ^ that tree amplitudes incorporating with the NNLO corrections are 


relatively less sensitive to the choice of scale than the NLO amplitudes. As aforementioned, 
large uncertainty mainly comes from hadron parameters, such as the transition form factors. 


which is expected to be cancelled from the rate of branching ratios. For example, 

Br{Be^B,K) _ 2 /I- .. BriBe^B^K) 

Br{Be^B,7r) ~ ~ BriBe^B^ir) ’ 

BrjBe^B^K*) ^ _ BrjBe^BdK*) 

BriBe^Bsp) ^ /2 ^ BriBe^Bdp) ’ 

Br{Be^Bu7i) _ 1 |a2p _ Br{Be^Bup) 

Br{Be^Bd7r) 2|ai|2 Br{Be^Bdp)' 


( 20 ) 

( 21 ) 

( 22 ) 


Especially, the relation of Eq. (|2^ might be used to give some information on the coefficients 


Oi 2 and to provide an interesting feasibility research on the validity of the QCDF approach 
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for the charm quark decay. Finally, we would like to point out that many uncertainties from 
other factors, such as the dual state interactions, which deserve the dedicated study, are not 
considered here. So one should not be too serious about the numbers in Table IIIII Despite 
this, our results will still provide some useful information to experimental physicists, i.e., 
the Cabibbo favored —)■ S^vr, B^K decays have large branching ratios ^ 1%, which 
could be detected earlier. 

IV. SUMMARY 

In prospects of the potential Be meson at the LHCb experiments, accurate and thorough 
studies of the B^ decays will be accessible very soon. The carefully theoretical study on the 
Be decays is urgently desiderated. In this paper, we concentrated on the nonfactorizable 
contributions to hadronic matrix elements within the QCDF framework, while the transition 
form factors are taken as nonperturbative inpnts, which is different from previous studies. It 
is found that the branching ratios for the Cabibbo favored Be —>■ i?svr, B^K decays are 

very large and could be measured earlier by the running LHCb experiment in the forthcoming 
years. 
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Appendix A: decay amplitudes 





rpBc—>-Bg 

^0 




- mljVudVesai, 


(Al) 
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A(B*^B«,K+) = (A2) 

^(BJ^B.V+) = V2GFFf‘^‘>- f,m,(c,-pBjV^V;,au (A3) 

A{B*^B«K'+) = V2Gf fK-mK. ((K-PBjV^V:,ai, (A4) 

A{B+-tB^F+) = (m|,(A6) 

A(B:^B°K+) = fK (m|. - m|J K„V(i o,. (A6) 

^(B,+^B>+) = V2GfFf'^®'‘/,m,(t,-pBjK.dV;>„ (A7) 

A(B*^BlK’^) = ^GFFf'^®'‘/B.mK-(eA-PBjt4.K>i, (AS) 

^(b;^BJ7?") = B®-"®- /b (m|. - m|J a^, (A9) 

A{Bt^BtK'‘) = B®-^®“ fK (m|. - m|J l4.Kj <12, (AlO) 

A{B*^B*K-^) = \/2GFf®'^®“/,<-.mK.(€,<-.pBjl4dK>2, (All) 

A{B*^B*K’'>) = \/2GFF®'^®"/B-mK-(t;<-PBj 14,17^02, (A12) 

^(BJ^B„+b») = B®-^®- f, (ml - mlj K.<il7>2, (A13) 

AiB^^Bip”) = -GBB,®-^®-/„m,(e„-pB.)K«ilQ02, (AM) 

A(Bt^B+u,) = +GFB®'-®“/„,n„(e„.pBjl4jV;>2, (A15) 

M(B,+^i?:p,) = B®--®" /„ (m|, - m|J V;,K>2, (A16) 

M(B,+^B„+p,) = B®-^®-/,. (m|, - m|J (A17) 

^(^+^ 5 + 77 ) = cos0^(5+^5+r/q)-sin0^(5+^5+77,), (A18) 

= sin0^(5+^5+?7g) + cos0^(5+^5+r/,). (A19) 
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TABLE I: The numerical values of the Wilson coefficients and the effective coefficients for —>• 

Btt decay, where rUc = 1.275±0.025 GeV [l|. 



LO 

NLO 

QCDE 

It 

Cl 

C2 

Cl 

C2 

Re(ai) 

Im(ai) 

Re(a2) 

Im(a2) 

0.8 rric 

1.334 

-0.587 

1.274 

-0.503 

1.270 

0.096 

-0.450 

-0.218 

rric 

1.275 

-0.503 

1.222 

-0.424 

1.216 

0.068 

-0.361 

-0.173 

1.2 rric 

1.239 

-0.449 

1.189 

-0.373 

1.184 

0.054 

-0.306 

-0.148 


TABLE II: The numerical values of input parameters. 


Wolfenstein parameters 

A = 0.22537±0.00061 [1] 

A = o.8i4;Hi m 

p = 0.117±0.021 [IJ 

fj = 0.353±0.013 [1] 

decay constant of mesons 

U = 130.41±0.20 MeV [1] 

fx = 156.2±0.7 MeV [L] 

= {im±om)u [39] 

U = {iM±om)u [39] 

fp = 216±3 MeV [3^ 

fx* = 220±5 MeV [38] 

U = 187±5 MeV [3^ 

Gegenbauer moments at the scale p = 1 GeV 

= af =0\^] 

aj = = af = 0.25±0.15 

af = -of = 0.06±0.03 

af = af = 0.25±0.15 

4,p = «i,^ = 0 [3^ 

4,p = = 0.15±0.07 [3^ 

= 0.03±0.02 [3^ 

= 0.11±0.09 [3^ 
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TABLE III: The CP-averaged branching ratios for the Be —>• PP, BV decays. 


decay mode 

case 

Ref. [12] “ 

Ref. [18] 

Ref. [20] “ 

Ref. [22] 

Ref. [^ 

Ref. 

\2£f 

Ref. [2^ 9 

Ref. [2^ 

Ref. [27] ! 

Ref. [29] ^ 

QCDF 

Be — > 

B°n+ 

1-a 

1.0x10-1 

6.8x10-3 

1.8x10-3 

2.9x10-3 

4.0x10-3 

4.3x10-3 

(4.3x10-3) 

1.3x10-! 

4.6x10-3 

1.9x10-! 

8.8x10-3 

/-] 1 o+o.oo+o. 11+0.01 V1 

V-L-QQ_0.06-0.01 

Be —>■ 

B°K+ 

l-b 

7.6x10-3 

4.9x10-3 

2.0x10-3 

2.4x10-3 

3.3x10-3 

3.3x10-3 

(3.3x10-3) 

8.5x10-3 

3.4x10-3 

1.2x10-3 

5.2x10-3 

(7 zll +0.04+0.70+0.09 \ w i n—3 
W •^-^-0.04-0.39-0.09/^-^*^ 

Be —>■ 

B°P+ 

1-a 

6.3x10-3 

5.2x10-3 

4.6x10-3 

1.6x10-3 

2.7x10-3 

3.0x10-3 

(2.7x10-3) 

1.1x10-! 

2.7x10-3 

8.4x10-3 

3.2x10-3 

(A 44+0.00+0.41+0.13\ IQ—2 
v^'^^_0.00_0.23_0.13 / 

Be —>■ 

B°K*+ 

l-b 

3.2x10-'! 


1.2x10-3 

3.5x10-3 

1.5x10-'! 

8.0x10-5 

(7.1x10-3) 

4.0x10-'! 

1.3x10-'! 


9.7x10-3 

/-| Qjr + O.Ol + O. 12 + 0.06 \ 1 r» —4 

(^i.zj_o oj_Q 0^_0 Qg^xiu 

Be —>■ 


l-b 

7.4x10-3 

3.8x10-3 

1.2x10-3 

1.2x10-3 

1.3x10-3 

1.8x10-3 

(1.5x10-3) 

8.4x10-3 

2.4x10-3 

1.2x10-3 

6.9x10-3 

/y Qo+ 0.04+0.73+0.04 V 1 

.00_o 04_Q 4^_0 04JXIU 

Be — ^ 

BlK+ 

1-c 


3.0x10-'! 

1.2x10-'! 

1.0x10-'! 

1.1x10-'! 

1.5x10-! 

(1.2x10-'!) 

5.9x10-'! 

1.8x10-'! 

8.1x10-'! 

4.4x10-'! 

9Q+0.06+0.50+0.07 v 1 0"“^ 
W-^^_0.06_0.28_0.07 

Be —>■ 


l-b 

8.3x10-3 

6.9x10-3 

3.3x10-3 

1.5x10-3 

1.6x10-3 

2.2x10-3 

(1.7x10-3) 

1.4x10-3 

2.4x10-3 

1.1x10-3 

4.3x10-3 

09 + O.O3 + O.49 + O. 15 \ 1 r» — 3 
\^u.oz_0 03-0.28-0.15 

Be —>■ 

B°K*+ 

1-C 


2.1x10-'! 

1.5x10-'! 

4.6x10-3 

4.4x10-3 

4.9x10-5 

(3.7x10-3) 

3.5x10-'! 

5.7x10-3 

1.7x10-'! 

8.3x10-3 

/I 10+0.05 V 1 

\^1.UD_Q QJ_Q Qg_Q Qg^XlU 

Be —>■ 

B+Tf 

2-a 

2.1x10-3 

1.2x10-3 

4.9x10-3 

4.2x10-3 

4.4x10-3 

6.0x10-3 

(4.9x10-3) 

2.3x10-3 

6.8x10-3 

3.6x10-3 

2.2x10-3 

n Q7+0.00+1.11+0.05 V1 
-0.00-0.54-0.05 

Be —>■ 

B+K° 

2-c 






1.6x10-3 

(1.3x10-3) 




6.3x10-® 

y-| +0.06+3.20+0.15 \ 1 r» — 5 
W-' -*^-0.06-1.58-0.14^'^-*-*-' 

Be —>■ 

BtK*° 

2-a 

7.8x10-3 

8.5x10-3 

5.8x10-3 

1.6x10-3 

1.6x10-3 

1.9x10-3 

(1.4x10-3) 

1.3x10-3 

2.1x10-3 

8.0x10-3 

2.0x10-'! 

/'o 79+0.00+2.09+0.21 \ _ 1 (->—3 
{O. '^_o.00-1.03-0.20/^-^*^ 

Be —^ 

B+K*° 

2-c 






5.0x10-3 

(3.7x10-3) 




5.6x10-3 

(A w 1 

I^I.U / _o.01-0.30-0.06 ^ 

Be —>■ 

B+P 

2-b 

4.0x10-'! 

2.1x10-'! 

6.4x10-3 

6.2x10-3 

6.7x10-3 

9.7x10-5 

(8.1x10-3) 

4.5x10-'! 

1.3x10-'! 

6.6x10-'! 

5.2x10-3 

(A 90+0.02+2.37+0.07 
v^-^'^-O.02-1.17-0.07'^'^-*-*-* 

Be —>■ 

B+p° 

2 -b 

4.4x10-'! 

3.7x10-'! 

1.7x10-'! 

8.7x10-3 

8.9x10-3 

1 .2x10-! 

(9.4x10-3) 

7.4x10-'! 

1.3x10-'! 

5.5x10-'! 

1.8x10-3 

(0 Qfi + 0.01 + 1.60+0.10 \ 1 r> — 4 

(^z.ou_0 01-0.79-0.10/'^-*-*^ 

Be — ^ 

Btu} 

2 -b 

4.1x10-'! 





9.0x10-5 

(7.0x10-3) 




1.3x10-3 

(0 nc:; + ^-01 + l-15+0.12 \ w 1 r> — 4 
\^Z.UO_o 01-0.57-0.12/^-*-*^ 

Be —>■ 

Biv 







5.0x10-! 

(4.1x10-'!) 




1.4x10-'! 

(1 40+OO1+O'82+O.13\ IQ— 3 
VJ--‘±c_Q Qj_Q 4Q_Q ^ 2 ^^^-*-*^ 

Be —>■ 

B+p' 







6.7x10-3 

(5.6x10-3) 




4.2x10-® 

(7 9Q+0.04+4.09+1.66 \ w -1 n— 5 
W •^0-0.04-2.01-1.47^ 


“It is estimated with the form factors Fr 


Be—^Bs 
0 


= 0.925, = 0.91 and parameter w = 1 GeV 


based on the BSW model. 


^It is estimated with the instantaneous nonrelativistic approximation and the potential model based on the BS equation. 

“It is estimated in a relativistic model with a one-gluon interaction plus a scalar confinement potential based on the BS eqir 


‘^It is estimated with the form factors 
“It is estimated with the form factors P(^ 
Tt is estimated with the form factors 


Bc^Bs 


= 0.5, = 0.39 using a quasipotential in the relativistic quark np^tJel 

= 0.58, Prf°^^ = 0.39 in the nonrelativistic constituent quark model 


ion. 


= 0.573 (0.571), P( 


Be—>B 


(harmonic oscillator) potential, together with the hyperfine interaction 


= 0.467 (0.426) in the light-front quark model based on the Coulomb plus linear 


Ml 


®It is estimated with the form factors = 1.03, F^^ 

^It is estimated within a relativistic constituent quark model 
*It is estimated with the form factors Fr 



l.OI in the relativistic independent quark model 


3 - 


0 


= 1.3, Fr 


0 


= 1.27 in the QCD sum rules 


lit is estimated with the perturbative QCD approach based on the kr factorization scheme 291. 
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